Thirty-five stool specimens, collected over a 14-week period from pediatric gastroenteritis patients and shown to contain adenovirus by electron microscopy, were Adenoviruses 40 and 41 (Ad40 and Ad4l) are referred to as fastidious enteric adenoviruses because they can be readily detected by direct electron microscopic (EM) examination of stool specimens from patients with gastroenteritis but are refractory to isolation in cell cultures currently used for the propagation of adenoviruses (KB, HeLa, HEp-2, human amnion, human embryonic kidney). However, these viruses do replicate and produce infectious progeny in 293 cells (15), a continuous line of human embryonic kidney cells transformed with AdS DNA (6).
Thirty-five stool specimens, collected over a 14-week period from pediatric gastroenteritis patients and shown to contain adenovirus by electron microscopy, were inoculated onto 293 and HeLa cells. Virus isolates were characterized by serum neutralization and restriction endonuclease cleavage analysis of viral DNA from infected cells. Adenovirus was isolated upon primary inoculation of 293 cells from all 35 specimens shown to contain adenovirus by electron microscopy. Fastidious adenoviruses 40 and 41 (Ad4O and Ad4l) were found in 17 (49%) of the stool specimens, and 4 of these specimens contained a conventional species (Adl, Adl, Adl8, Ad3l) as well as Ad4O . This was first manifest by the observation that four of the isolates which initially grew only in 293 cells acquired the capacity to grow in HeLa cells upon subsequent passage. In each case, the conventional species was undetectable by DNA analysis in the original inoculum but was selected in 293 cells and became the only one detectable by the second passage. Four other specimens, containing Adl or Ad3l alone, failed to grow initially in HeLa cells but did grow in 293 cells. The results of this study demonstrate therefore that (i) 293 cells are more sensitive than HeLa cells for the isolation of conventional as well as fastidious enteric adenovirus species and (ii) identification of viruses from patient specimens should involve minimal passage of the virus in cell culture, as a single passage can result in misdiagnosis of the virus associated with the infection.
Adenoviruses 40 and 41 (Ad40 and Ad4l) are referred to as fastidious enteric adenoviruses because they can be readily detected by direct electron microscopic (EM) examination of stool specimens from patients with gastroenteritis but are refractory to isolation in cell cultures currently used for the propagation of adenoviruses (KB, HeLa, HEp-2, human amnion, human embryonic kidney). However, these viruses do replicate and produce infectious progeny in 293 cells (15) , a continuous line of human embryonic kidney cells transformed with AdS DNA (6) .
Before the use of 293 cells for virus isolation from stool specimens, adenovirus was isolated in this laboratory from less than 50% of the specimens positive for adenovirus by EM (13, 14) . A study was then initiated to answer two questions: (i) whether the isolation rate from stool specimens positive for adenovirus by EM could be increased by using 293 cells and (ii) whether Ad4O and Ad4l could be easily distinguished from conventional adenovirus species by their ability to grow in 293 but not in HeLa cells.
MATERIALS AND METHODS
Collection of specimens. The stool specimens used in this study were (Fig. 2) . By using SinatI, 10 of the 11 specimens in group III were also identified as fastidious enteric adenoviruses: 2 as Ad4l and 8 as Ad4O (Fig. 2) . One specimen (Fig. 2) (12), along with those reported here, are consistent with immunofluorescence studies which demonstrated that human embryonic kidney, human epithelial (HEp-2), and human amnion cells undergo abortive infection by Ad4O/41 (5, 14) .
In this study, it is unusual that an isolate of Ad3l was included in group III. Even after two passages in 293 cells, it did not induce CPE in HeLa cells. These results thus illustrate the value of 293 cells for the isolation of both conventional and fastidious species of adenovirus.
Of particular interest were the seven specimens (group IV) which appeared to be fastidious enteric adenoviruses on the basis of their failure to induce CPE on primary inoculation of HeLa cells but which acquired the ability to grow in HeLa cells after passage through 293 cells. Two of these were identified as Ad3l and one as Adl in the original stool specimens. This would suggest that the infectious titer of virus in the original specimen was low, even though the number of particles was sufficient to be seen by EM and required amplification in 293 cells to cause obvious CPE in HeLa cells. The other four specimens in group IV contained a conventional species (Adl, Adl, Adl8, Ad3l) in addition to Ad4O. It is not uncommon to find more than one species in stool specimens, since conventional species can be shed in the stool for extended periods after respiratory or enteric infections (4, 11). In this case, Ad4O was the only virus detectable by restriction analysis of DNA from high-salt extracts of cells inoculated with the original stool specimen (Fig. 3) , thus indicating that Ad4O was associated with the current episode of disease. After a single passage in 293 cells, however, the conventional species was the only one detectable (Fig. 3) . Thus Given that approximately half of pediatric adenovirus gastroenteritis cases are associated with Ad4O or Ad41 (16) (17) (18) , there is a need for the identification of Ad4O/41 directly from stool specimens. Chiba et al. (2) used DNA hybridization to identify Ad4O directly from stool specimens which were positive for adenovirus by EM. However, it is not clear whether this involved purification of virions from the stool before extraction of the DNA or whether viral DNA was extracted directly from the stool specimen. We have attempted to purify viral DNA directly from the stool specimens for restriction analysis. This was successful in only 5 of 15 cases (data not shown) and, therefore, was not reproducible. Uhnoo et al. (16) refer to an enzyme immunoassay for direct identification of Ad4O and Ad41 from stool specimens.
This involves the use of polyclonal antisera which have been rendered species specific (type specific) by affinity chromatography (8, 9) . Such an assay deserves attention. Used with species-specific monoclonal antibodies, it has the potential to simplify and standardize the specific diagnosis of Ad4O and Ad41. Until such antibodies are widely available, the definitive identification of Ad4O and Ad4l will continue to rest on the restriction analysis of viral DNA after isolation of the virus in culture.
